. Schematic diagram of the calorimeter. Abbreviations: INC, incubator; G, gradient layer; BF, bacterial filter; DWPT, dewpoint hygrometer; F, and F2, C02 absorbers; APco2, C02 partial pressure difference sensor; C, electronical controller; FC,, flow controller C02; P, main circuit pump; EV, bubble chamber; COND, condensor; TC2, temperature controller of condensor and bubble chamber; FC2, flow controller 0 2 ; P02, 0 2 partial pressure sensors; RV, reference vessel;.CAP, capillary; l T , main circuit flow sensor; H, heat exchanger; TC,, temperature controller of incubator and heat exchanger; MON, heart beat and apnea monitor; FOOD, feeding system; TEMP, thermometer system; REC, recorder; and PTP, papertape puncher. ...
*Abbreviations: BWT, birth weight; GA, gestational age; p.n.a., postnatal age; P.D.A., patent ductus arteriosus; R.D.S., respiratory distress syndrome; and N.E.C., necrotizing enterocolitis. given off as heat but stored in new tissues, for instance in high energy phosphate bonds, together with the energy of the components. Therefore the net energy of tissue synthesis, is equal to the difference between the energy expenditure calculated from indirect calorimetry and the heat loss calculated from direct calorimetry.
MATERIALS AND METHODS
Metabolic rate and heat loss were longitudinally measured during periods of 4-24 h (median 6 h) in 14 neonates BWT, 870-1850 g, GA 29-34 wk until they reached 2000 g. Age during the periods of measurements was 1-58 d and weight, 940-21 10 g. Further details are given in Table 1 . We attempted to measure each infant once or twice weekly; however, due to medical and technical problems, this could not always be realized. Fifty-seven measurements were made, 2-7 measurements per infant. In 13 neonates, weight during the measurements was below -2 SD of the intrauterine growth curve (32) . During the weeks in which the studies were done and during the measurements themselves, the infants received Nenatal as a continuous infusion into the stomach via a nasogastric tube. Nenatal is an adapted milk formula feed developed by Nutricia, Zoetermeer, (The Netherlands), for feeding the preterm baby. The composition is given in Table 2 . Informed parental consent was obtained before each study.
A direct and indirect calorimeter, designed to measure the energy expenditure of babies below 2.5 kg was used. The calorimeter, as described earlier (24) (Fig. l) , is a closed system and consists of an incubator that has a double gradient layer which measures the heat loss from radiation and convection. The incubator is constructed so that heat loss through conduction is negligible. Water circulates between the double walls of the incubator and the temperature of the water can be altered rapidly and accurately. The air coming from the incubator is passed through a bacterial filter and goes into a dewpoint hygrometer where the amount of water produced is measured. Subsequently the carbon dioxide production is measured and then the C02 is absorbed from the circulating air. The air then passes through a pump to a bubble chamber and then to a condensor so that it is brought to a dew point of 18°C. The oxygen consumption is measured using two oxygen sensors and a reference vessel. The oxygen consumed is replaced. The air passes through a flow meter, bacterial filter, and a heater and thence back into the incubator. The accuracy of the various measurements is as follows: dry heat loss f 0.1 W; wet heat loss + 0.2 W; oxygen consumption k 0.2 ml/min; carbon dioxide production & 0.2 ml/min.
Calibration, using an alcohol flame, gave a maximum difference between direct and indirect calorimetry of 10 HI24 h. During the measurements, the temperature was recorded continuously at six sites on the skin and in the mid-oesophagus. Figures from the literature (13) were used as a guide for the initial temperature setting of the incubator and this was adjusted when necessary, taking into account the measured skin and oesophageal temperatures. The patients were nursed naked during the measurement with the exception of a plastic covered diaper that prevented evaporation from urine and faeces.
The formula, M = 15.06 Vo2 + 5.04 Vco2 was used for the calculation of the indirect calorimetry. M denotes metabolic rate in J/min, Vo2, oxygen consumption in mlfmin; and Vco2, carbon dioxide production in ml/min. This formula is calculated from the caloric value and the respiratory quotient of glucose and fatty acids (average values) as present in the milk feeding used in this study. (Caloric value of oxygen used for the combination of carbohydrates 21 kJ/1 0 2 and of fatty acids 19.8 kJ/1 02; respiratory quotient of oxidation of glucose 1.00 and of fatty acids 0.72).
~o t a l metabolic rate and total heat loss were calculated from the measurements. It was assumed that the measurement period was representative of the whole day and in order to compare the results all data were calculated for 24 h. A 6-h period is too short to be able to measure the increase in body weight due to growth accurately because of the inflpence of retention or passage of urine and faeces; therefore, the babies were weighed regularly 2 d before and after the measurement and the average weight gain was calculated. During the measurements the activity state was monitored continuously and scored according to the scores for behavioural state ( 19) .
Metabolic rate, measured during state I (eyes closed, regular respiration, no body movements apart from occasional startles), was considered as resting metabolic rate. Resting metabolic rate, observed during 20 min of each measurement, was recorded. In the 16 cases that did not have state I, a period of 20 min with minimal metabolic rate was chosen to represent resting metabolic rate. During the experiments, the feeding was given continuously via a nasogastric tube.
The energy loss via faeces and urine was not measured in this study. But, in a pilot study on infants of the same weight and age group and undergoing the same feeding regime, bomb calorimetry measured faecal energy losses were less than 10% of calorie intake. It was assumed, therefore, in this study that 10% of the calorie intake was lost in the faeces and urine. Fat in Nenatal consists of a high proportion of medium chain fatty acids and unsaturated fatty acids which are well absorbed by preterm babies (2 1, 26, 3 1) .
RESULTS

Metabolic rate and heat loss.
The results of the total metabolic rate, which was calculated from indirect calorimetry, and total heat loss, which was measured by direct calorimetry are given in Table 3 and Figure 2 . The total metabolic rate as well as the total heat loss was lowest during the first week of life; however, only three measurements were made during this period. Total metabolic rate showed a very slight increase with age after the first week of life and averaged 278.8 + 2.6 kJ-kg-' 24 h-I (mean +_ SE). Heat loss in all but one measurement was lower than the metabolic rate, heat loss after the first week of life was 257.0 + Resting metaboic rate was constant from the second week of life onwards. It was lower during the first week. The resting metabolic rate after the first week was 248.0 + 2.5 kJ . kg-' .24 h-I. Further details are given in Table 3 and Figure 3 .
Energy used for activity. The only difference between the resting metabolic rate and the total metabolic rate is the activity of the infant, as both measurements were made under the same conditions. Using this method the energy used for activity was found to increase from 18 kJ . kg-' -24 h-' on d 7 to 48 kJ . kg-' -24 h-' on d 58. The mean energy used for activity amounted to 30.8 kJ. kg-' -24 h-' or 5.7% of the caloric intake. Energy intake. We attempted to give all infants after the first week of life 175 ml . kg-' -24 h-' Nenatal(550 W . kg-' .24 h-I).
The mean caloric intake after the first week was 543 + 5.0 kJ.
kg-' .24 h-'. During the first days of life only glucose IV was given. Further details are given in Table 3 Table 3 and Figure 4 . Eco,,,,,,, showed some very high results in the second week of life. After the second week the results showed no correlation with age. Ecom,,,., calculated after the second week was l l .9 + 0.4 kJ/g weight gain.
Net energy cost of tissue synthesis. The net energy cost of tissue synthesis is calculated from the paired difference metabolic rate and heat loss. Some high results were found during the second week of life but the results were relatively constant after the second week, 1.1 k 0.1 W/g weight gain and showed no correlation with age.
DISCUSSION
Metabolic rate and heat loss. The metabolic rate of LBW infants at rest has been calculated in many studies of oxygen consumption. Many authors (3, 7, 9, 12, 16, 17, 23, 25, 28) have shown that it increases slowly during the first week. It is not known if the oxygen consumption at rest increases after the age of 1 wk. Some studies (7, 12, 12, 28) show an increase, but in other studies it is found to remain constant (9, 16, 23, 25) .
Longitudinal studies of total metabolic rate in VLBW infants have been reported recently (9, 18 ). An increase is found during the first weeks of life. The resting metabolic rate as well as the total metabolic rate was found to be higher during the period in which neonates were growing (16-39 d) compared with the period in which neonates were not growing (2-5 d) (22) .
In our studies the resting as well as the total metabolic rate was lowest during the first week of life. Thereafter, resting metabolic rate showed no increase with age but total metabolic rate showed a very small increase with age. This difference is due to the increase in activity of the infant. The lower metabolic rate observed during the first week of life may be caused by the lower caloric intake that is given during this period. It is shown that the rate of increase of oxygen consumption after birth is influenced by the amount of food that is given (2, 9, 10). Oxygen consumption decreases during starvation and increases during recovery in malnourished infants (2, 29) . In our study the caloric intake during the first week of life was lower compared with the following weeks. The mean caloric intake after the first week of life was 543 W. kg-l.24 h-'. A resting and total metabolic rate of 248 and 278 W. kg-' -24 h-I, respectively, will be normal for a growing neonate of less than 2 kg, receiving 545 kJ. kg-' -24 h-'. Recently it was suggested (4) that an increase of caloric intake above 555 W . kg-'. 24 h-' in LBW infants increases the metabolic rate at the expense of growth and might be at no advantage to the infants.
The resting metabolic rate includes energy used for maintenance, thermoregulation, and tissue synthesis. As our studies were performed in a thermal neutral environment, the energy for thermoregulation can be ignored. The net energy cost of tissue synthesis amounted to 20 kJ . kg-' -24 h-' in this study.
The energy used for maintenance after the first week of life can so be calculated as 228 kJ. kg-' .24 h-'. The energy used for activity in our study, 3 1 kJ . kg-' -24 h-', is lower than found by Brooke et al. (6) , who reported 97 W kg-' -24 h-', but somewhat higher than found by Reichman et al. (20) , who reported 16.7 W . kg-' .24 h-'. Two explanations for this difference can be given. The infants studied by Reichman et al. were smaller compared with the infants studied by Brooke et al. The weight of the infants in our study ranged from 870-2120 g. The energy used for activity showed a small increase with weight and age. Also the method used by Brooke et al. is quite different from the method used in the other studies. Brooke et al. measured the oxygen consumption at different levels of activity during short periods. The proportion of time spent in activity was calculated from three 1-h periods of observation. In the other studies, the energy used for activity is calculated from the difference between the total metabolic rate and the resting metabolic rate. (1 4, 15 ).
The energy used for components of new tissue as well as the energy for synthesis showed no increase after the second week of life. From this data it can be speculated that the composition of new tissue during this period of growth is also constant.
Caloric intake. The optimal caloric intake of a VLBW infant is not known. From the results of our study however, the caloric needs of a VLBW infant may be calculated. Energy must be provided for maintenance, activity, thermoregulation, tissue synthesis, and components of new tissue. Moreover, energy loss in the faeces must be taken into account. In our study the resting metabolic rate, including energy for maintanence and thermoregulation, was an average of 228 kJ. kg-'. 24 h-'. The energy for activity amounted to 3 1 kJ .kg-' .24 h-'.
The energy required for growth depends on the growth rate. The optimal weight gain is not known. Taking the "reference 
